Blazars are classified into high, intermediate and low energy peaked sources based on the location of their synchrotron peak. This lies in infra-red/optical to ultra-violet bands for low and intermediate peaked blazars. The transition from synchrotron to inverse Compton emission falls in the X-ray bands for such sources. We present the spectral and timing analysis of 14 low and intermediate energy peaked blazars observed with XMMNewton spanning 31 epochs. Parametric fits to X-ray spectra helps constrain the possible location of transition from the high energy end of the synchrotron to the low energy end of the inverse Compton emission. In seven sources in our sample, we infer such a transition and constrain the break energy in the range 0.6 10 keV. The Lomb-Scargle periodogram is used to estimate the power spectral density (PSD) shape. It is well described by a power law in a majority of light curves, the index being flatter compared to general expectation from AGN, ranging here between 0.01 and 1.12, possibly due to short observation durations resulting in an absence of long term trends. A toy model involving synchrotron self-Compton (SSC) and external Compton (EC; disk, broad line region, torus) mechanisms are used to estimate magnetic field strength 0.03 -0.88 G in sources displaying the energy break and infer a prominent EC contribution. The timescale for variability being shorter than synchrotron cooling implies steeper PSD slopes which are inferred in these sources.
INTRODUCTION
Blazars constitute a class of Active Galactic Nuclei (AGN) characterized by their extreme properties including strong variability (flux and polarization) and weak spectral lines (dominated by continuum), believed to be due to observer line of sight orientation based effects which from AGN unification models (e.g., Urry & Padovani 1995) imply that the relativistic jet is directed towards the observer at small angles. Radiation from blazars span the whole electromagnetic spectrum from radio wavelengths upto γ-ray range. Their broad band spectral energy distribution (SED) is characterized by a double peaked structure. The low energy peak is mainly due to the synchrotron radiation from relativistic violet range (10 14 νs 10 15 Hz), it is classified as an intermediate spectral peak (ISP) source; and if it lies in the X-ray regime (νs 10 15 Hz), it is classified as a high spectral peak (HSP) source. BL Lacertae (BL Lac) and Flat Spectrum Radio Quasars (FSRQs) together constitute the blazar class of sources. Low luminosity BL Lacs which are HSPs exhibit the synchrotron peak in the UV-soft X-ray band and the inverse Compton peak between the GeV and the TeV gamma-ray band (Padovani & Giommi 1995) . In mid luminosity sources which are LSPs and ISPs, the synchrotron peak is in the near infrared band and the X-ray emission is due to either or both the synchrotron and inverse Compton components. In high luminosity FSRQ sources, the synchrotron peak is in the far infrared band and X-ray emission is ascribed to the inverse Compton component (e.g. Giommi et al. 1995; Fossati et al. 1998) . The peak frequency of the synchrotron component is found to inversely correlate with the luminosity of the blazar and different kind of blazars can be classified based on their peak energy to form a "blazar sequence" (e.g. Fossati et al. 1998; Ghisellini et al. 1998; Giommi et al. 2012) .
The HSP blazars are brightest in X-ray bands and show strong flux variability over diverse time-scales ranging between minutes to years(e.g. Sembay et al. 1993; Brinkmann et al. 2005; Zhang et al. 2005 Zhang et al. , 2008 Gaur et al. 2010; Kapanadze et al. 2014 and references therein). The variability time-scales can be used to constrain the emission region size (e.g. Tramacere et al. 2009; . The variability amplitude is found to be correlated with energy as the hardest synchrotron radiation is produced by the most energetic electrons with the smallest cooling time-scales (e.g. Zhang et al. 2005; Gliozzi et al. 2006) . Their X-ray spectra are generally characterized by a soft (γ > 2) convex shape or by continuosly downward curved shape (e.g. Perlman et al. 2005; Zhang et al. 2008) , and can originate from an energy dependent particle acceleration with suitable cooling timescales, and is accompanied by strong and rapid variability (e.g. Massaro et al. 2004) .
The X-ray emission from LSPs is believed to originate mainly from the inverse Compton scattering of seed photons by the low energy tail of the electron population. In addition, it can include a contribution from the synchrotron emission from high energy particles. In ISP blazars, there is a clear turning point in the SED where synchrotron and inverse Compton components intersect e.g. S5 0716+714 ( Giommi et al. 1999; Tagliaferri et al. 2003; Donato et al. 2005; Ferrero et al. 2006; Wierzcholska & Siejkowski 2015) ; ON 231 (Tagliaferri et al. 2000) ; BL Lacertae (Tanihata et al. 2000; Ravasio et al. 2002) ; AO 0235+164 (Raiteri et al. 2006) ; OQ 530 (Tagliaferri et al. 2003) ; 3C 66A (Donato et al. 2005; Wierzcholska & Wagner 2016) ; 4C +21.35 (Wierzcholska & Wagner 2016) , amongst others.
The X-ray variability is also observed for ISP and LSP blazars on both long timescales (e.g. Donato et al. 2005; Ferrero et al. 2006; Raiteri et al. 2006; Wierzcholska & Siejkowski 2015) . Recently, Gupta et al. (2016) studied a sample of LSP blazars in X-ray bands and found the intraday variability to be less pronounced as compared to that in HSP blazars, expected due to longer cooling time scales for the lowest energy electrons responsible for the inverse Compton emission. In LSPs, short time scale (<hours) variability is prevalent only in the synchrotron component, while inverse Comption emission appears to dominate over longer time scales (days). Unlike HSPs, their variability amplitudes are found to be anti-correlated with the emission energy and no significant time lags are found between the hard and soft energy X-rays (Giommi et al. 1999; Ravasio et al. 2002; Ferrero et al. 2006) . In addition, the X-ray band mostly lies at the transition from synchrotron to the inverse Compton component for LSP and ISP blazars and hence is key to disentangle the contribution of the two components to the broad band continuum. One expects that FSRQs would have a flatter spectra (index Γ < 2), while the LSPs and ISPs would have intermediate slopes (with index Γ=1.5-1.8), or even concave X-ray continua (e.g. Donato et al. 2005; Massaro et al. 2008; Wierzcholska & Wagner 2016) . In previous studies, it was inferred that the X-ray spectra of blazars is well described by a single power law or a broken power law (e.g. Perlmann et al. 1996; Urry et al. 1996) . The log parabola model has also proven to describe the spectrum well with the power law index varying as log E (e.g. Massaro et al. 2004 Massaro et al. , 2008 Donato et al. 2005; Tramacere et al. 2010) is not a constant but varies slowly with energy i.e. ∝ log E and hence the name log parabola (Massaro et al. 2004 (Massaro et al. , 2008 Donato et al. 2005; Tramacere et al. 2009 ). The model has often been invoked to fit the entire SED of blazars (e.g. Landau et al. 1986; Massaro et al. 2004; Chen et al. 2014) and such curved spectra of blazars are known to arise due to log parabolic electron distributions (e.g. Tramacere et al. 2007 Tramacere et al. ,2009 Paggi et al. 2009 ).
In the current study, we compile a sample of 14 LSP and ISP blazars observed with XMM−Newton spanning 31 observation epochs and study their spectra and timing information in the 0.6-10 keV energy range. Owing to a large effective area and small cadence, XMM−Newton offers good spectral resolution and timing information for our study. We fit each spectra with parametric models to identify possible transitions from low to high energy component. We then study the timing properties of our sample including a measure of variability and the power spectral density shape to study any possible evolving features. Our motivations include the disentangling of low and high energy contribution from synchrotron and inverse Compton components respectively, the comparison of the inferred break energy across sources, and a comparison of our inferences with previous studies (e.g. Wierzcholska & Wagner 2016) which were similarly motivated through studies of mostly high peaked blazars and ISPs.
The paper is structured as follows: in Section 2, we give a brief description of the sample selection and data reduction method; in Section 3, we present the results of the analysis which are then discussed and interpreted in Section 4.
SAMPLE SELECTION AND DATA ANALYSIS
The sample of the blazars are selected from the catalogue of TeV sources (TeVCat 1 ). For our sample, we selected all ISPs and LSPs from the XMM-Newton catalogue and considered all observations since its launch. The blazar sample and their observation log is provided in Table 1 . Willingale et al. (2013) * : http://tevcat.uchicago.edu/ * * : Tsujimoto et al. (2015) The blazars in our sample are observed by the European Photon Imaging Camera (EPIC) on board the XMMNewton satellite (Jansen et al. 2001 ). The EPIC is composed of three co-aligned X-ray telescopes which simultaneously observe a source by accumulating photons in the three CCD-based instruments: the twins MOS 1 and MOS 2 and the pn (Turner et al. 2001; Strüder et al. 2001) . The EPIC instrument provides imaging and spectroscopy in the energy range from 0.2 to 15 keV with a good angular resolution (PSF = 6 arcsec FWHM) and a moderate spectral resolution (E/∆E ≈ 20 − 50). We consider here only the EPIC-pn data as it is most sensitive and less affected by the photon pile-up effects.
We used the XMM-Newton Science Analysis System (SAS) version 14.0.0 for the light curve extraction and spectral analysis. The observation summary or Observation Data File (ODF) and the calibration index file (CIF) are generated using updated calibration data files or Current Calibration Files (CCF) following "The XMM−Newton ABC Guide" (version 4.6, Snowden et al. 2013) . XMM−Newton EPCHAIN pipeline is used to generate the event files. In order to identify intervals of flaring particle background, we extracted the high energy (10 keV < E < 12 keV) light curve for the full frame of the exposed CCD and found background flares in few light curves. The flaring portions are removed in affected light curves. Pile up effects are examined for each observation by using the SAS task EPATPLOT. We found that the observations are not affected by the pile-up effects. We read out source photons recorded in the entire 0.3 − 10 keV energy band, using a circle varying between 30-40 arcsec radius centered on the source. These radii have been chosen to sample most of the point spread function according to the observing mode. Background photons were read out from a circular region with an area comparable to the source region, located about 180 arcsec off the source on the same chip set. Redistribution matrices and ancillary response files were produced using the SAS tasks rmfgen and arfgen. The pn spectra were created by the SAS tool XMM-SELECT and grouped to have at least 30 counts in each energy bin to ensure the validity of χ 2 statistics. The X-ray spectra are expected to be significantly affected by the instrumental uncertainties at energies below 0.5 keV, hence we consider only the 0.6 − 10 keV energy band for our studies. Figure 1 . Lomb-Scargle periodograms of the low peaked blazars. The best fit model is the solid curve, the dashed curve above it is the 99 % significance contour (accounting for model errors) which can identify statistically significant QPOs, the dot-dashed horizontal line is the white noise level and the plot below each periodogram panel shows the fit residuals.
Timing Analysis

Excess Variance and Variability Amplitude
We calculate the excess variance (e.g. Edelson et al. 2002; Vaughan et al. 2003) , which is an estimator of the intrinsic source variance over and above the underlying noise. The variance, after subtracting the excess contribution from the measurement errors is
where σ 2 err is the mean square error,
The normalized excess variance is given by σ 
Figure 2. X-ray spectra fitted with their respective best models are shown in each figure. Power law, log parabolic model and broken power law with their respective ratios are presented in each figure with black, blue and red colors, respectively. The name and date of observation of each object is also provided in upper right corner of each figure. and the error on the fractional amplitude is
We calculated Fvar for all of our light curves and the results are presented in Table 2 .
Lomb-Scargle periodogram
The Lomb-Scargle periodogram (Lomb 1976; Scargle 1982 ) is used to determine the power spectral density (PSD) generated by a physical process manifested through the observed light curve. It is an effective measure of variability in unevenly sampled light curves including those with short data gaps such as those encountered here. The periodogram evaluated from a light curve x(t k ) spanning N points is determined by a least squares fit to a mean subtracted time series using
and is given by (e.g. Horne & Baliunas 1986 ) where τ is a time shift parameter and is given by
wherex is the mean of the light curve and P (fj ) is evaluated at frequencies fj = j/(tN − t1) where j = 1, 2, .., N/2 and (tN − t1) is the total duration of the observation. The periodogram is evaluated using the algorithm presented in Press & Rybicki (1989) in order to achieve fast computational speeds. We performed a linear interpolation of the light curves to populate small (< 200 -300 s; 2-3 points) data gaps and sample the light curves at regular intervals ∆t = 100 s. The LSP is the Fourier periodogram for an evenly sampled light curve which leads to a proper estimation of the underlying PSD as noted in Goyal et al. (2017) , where it was inferred that the LSP of unevenly sampled light curves tended to be dominated by higher temporal frequencies thus yielding systematically flatter PSD slopes. We use two competing parametric models to infer the PSD shape, a power law model
with amplitude A, slope µ, and a constant Poisson noise C, and a bending power law model
with amplitude A, slope µ, bend frequency f b , and a constant Poisson noise C. By maximizing the likelihood function
we determine the parameters of the model θ k . The Akaike informaion criteria (AIC) is then calculated for each competing model and the best fit model is that with higher likelihood of describing the data effectively. The best fit model parameters are employed in the simulation of 1000 random realizations of light curves with similar statistical and spectral properties as the original light curve, including the same sampling pattern, using an algorithm similar to that prescribed in Timmer & Koenig (1995) . The periodogram of each of these simulated light curves is determined using at the same sampling frequencies as that used for the original light curve and at each frequency bin, we construct an empirical distribution function to determine the 3−σ model error at each ordinate. Details of the fitting procedure, model selection using the AIC and the light curve simulations procedure are presented in Mohan et al. (2015 and references therein. For a light curve populated by random Gaussian noise, its periodogram ordinates are expected to be χ 2 2 distributed (e.g. Horne & Baliunas 1986 ). The residuals of the best fit PSD are thus expected to be χ 2 2 distributed. From the cumulative distribution function of the χ 2 2 distribution, and after accounting for the number of frequencies sampled and the model errors inferred from the simulations described above, we set a significance threshold of 99 %, used to infer the presence of any statistically significant quasi-periodic oscillations in the data and to infer the statistical significance of each periodogram peak.
Spectral Analysis
We fit each spectra using following models: (i) Power law model defined by k E Γ with fixed Galactic absorption. It is characterized by a normalization k and spectral index Γ.
(ii) Logarithmic parabola model defined by k E (−α+βlog(E/E 1 ) (e.g. Landau et al. 1986; Massaro et al. 2004; with fixed Galactic absorption. It is characterized by a normalization k, spectral index α, transition energy E1 and curvature parameter β. We fix E1 = 0.6 keV, the lowest probed energy without loss of generality as the particular choice does not drastically affect the results owing to its logarithmic dependance.
(iii) Broken power law model defined by k E Γ 1 for E < E break and k E Γ 2 otherwise, with fixed Galactic absorption. This model is also characterized by a normalization k, two spectral indices Γ1 and Γ2, and a break energy E break . This model is used only to fit those spectra when there is significant concave curvature (>99% significance) using the log parabolic model and is used to infer the break energy E break in the spectrum, which is the point at which synchrotron component turns over to inverse Compton component.
Some FSRQs in our sample are at high redshift and can have an intervening absorption due to gravitational microlensing and damped Lyman-α systems i.e. AO 0235+164, 3C 454.3 (e.g. Foschini et al. 2006 , Raiteri et al. 2008 ). For these blazars, all models are fit after including an absorber along the line of sight in addition to the Galactic absorption density.
The spectra are fit using the XSPEC software package version 12.8.1. The XSPEC routine "cflux" is used to obtain unabsorbed flux and its error. The Galactic absorption is taken from the survey by Willingale et al. (2013) which includes both the atomic gas column density NHI and the molecular hydrogen column density NH 2 . The NHI is adopted from the Leiden Argenine Bonn Survey which is obtained by merging two surveys: the Leiden/Dwingeloo Survey (Hartmann & Burton 1997) 
RESULTS AND INFERENCES
Temporal Variability
The light curves of the blazars are analyzed to infer their normalized excess variance and their PSD shape with the results being summarized in Table 1 . The Lomb-Scargle periodogram analysis for some of the sources including the best fit model are plotted in Fig. 1 . The variability amplitude shows a large spread, ranging between 0.80 ± 2.4 % (PKS 0521-365) and 52.12 ± 0.59 % (ON 231: 26-06-2002 ) with a median of 5.76 ± 2.26 indicating a low to moderate overall variability with a few outliers. This is consistent with expectations for LSP and ISP sources, due to their X-ray emission mainly originating from the inverse Compton scattering of seed photons by the lower energy tail of the electron population and thus indicating lower variability in the 0.6 − 10 keV band.
From the parametric model fit to the periodogram, the power law model is inferred to be the best fit PSD shape in 29/31 light curves with the power law index in the range −0.01 to −1.12 and many light curves being white noise dominated. This indicates that the inferred variability here probes only the noise floor as opposed to intrinsic source based variability which often leads to indices in the range −1.5 − −2.5 (e.g. Mohan et al. 2014 , 2015 , Agarwal et al. 2017 Goyal et al. 2017 and references therein). The bending power law is the best fit model in the light curves of PKS 0235+164: 10-02-2002 and PKS 0528+134: 14-09-2009. However, as the bend frequency indicates that it is close to the edge of the observation duration, these results are similar to the power law PSD model. There are no inferred statistically significant quasi-periodic oscillations in any of the light curves. Thus, no conclusion can be drawn from the PSD slopes alone in relation to the typical distance of variability origin or the emission mechanism, necessitating the analysis of the spectra to clear these uncertainties. 
Spectral Variability
The spectral parameters of power law, log parabolic and broken power law model fits are presented in Table 3 -4. The preferred models for each spectra are shown in Fig 2-7 . The goodness of fit of power law and log parabolic model are compared using the F-test (Bevington & Robinson 2003) and values are quoted in Table 3 -4. More than half of the observation (18/31) are described well with the power law model and the remaining 13/31 are well described by the log parabolic model. In 7 (PKS 0235+164, PKS 0426-380, PKS 0537-441, S5 0716+714, OJ 287, ON 231 and BL Lacertae) of the 14 blazars, a significant negative curvature is inferred. The spectra of such sources are also fit with a broken power law to constrain the E break .
Notes on individual blazars
TXS 0106+612: This LSP was first discovered by Gregory & Taylor (1981) in a radio survey of the Galactic plane. This source is a TeV blazar (e.g. Tsujimoto et al. 2015) . The Xray spectrum of this blazar is better described with a power law with fixed NH rather than log parabolic model. Also, we fit the spectra with free NH but did not get any improvement in the χ 2 values. We did not find any significant curvature in the studied energy range.
3C 66A: This source is a well known ISP (e.g. Aliu et al. 2009 ). In previous studies, significant negative curvature is found in the SED using Swift/XRT observations (i.e. Wierzcholska & Wagner 2016) with break energy of ∼3.4 keV. We examined the spectra of this blazar using XMM−Newton pointing and found that it is well described with power law model. The spectral index (Γ=2.45) is well matched with the previous studies. However, we did not find significant spectral curvature for this source. Similar results are found by Donato et al. (2005) where they did not find any significant curvature using BeppoSAX observations and found the spectrum to be well fitted by the power law model with Γ=2.26. We also model our spectrum by making NH as free parameter but χ 2 values did not improve significantly.
PKS 0235+164:
This source is a BL Lac object and a TeV γ-ray emitting blazar (e.g. Tsujimoto et al. 2015) . Donato et al. (2005) studied the X-ray spectrum of this blazar using BeppoSAX observations and found power law to be well fitted to the spectra. Raiteri et al. (2006) analyzed XMM−Newton and Chandra observations during the period 2000-2005 and found log-parabolic model to be superior than power law model. The source has an intervening system along the line of sight at z=0.524 which likely absorbs the soft X-ray spectrum (Raiteri et al. 2006 ). This intervening medium has been measured by ROSAT and ASCA obtaining a value of NH =2.8 ×10 21 cm −2 (Madejski et al. 1996 ) and ∼2.4-2.6 ×10 21 cm −2 using XMM−Newton observations (Raiteri et al. 2005; Foschini et al. 2006) . We analyzed four pointings of XMM−Newton satellite during the period [2002] [2003] [2004] [2005] . During the observation performed in 2002, the source was in outburst state (Raiteri et al. 2005 ). The spectrum is found to be well fitted with log parabolic model with significant concave curvature with break energy at around 4 keV in 2002. The source is in faint state during the observation performed in the period 2004-2005 and we found the spectra to be well described with a power law model with Γ=1.5-1.7.
PKS 0426−380: The source is classified as a FSRQ (i.e. Ghisellini et al. 2011; Sbarrato et al. 2012) . Tanaka et al. (2013) reported the discovery of the Very High Energy γ-ray emission from this blazar. We analyzed the XMM−Newton pointing of the blazar in 2012 and found it to be well described with a log-parabolic model which showed significant concave spectrum. The spectrum is also fitted with the bro- ken power law and the upturn break energy is found to be at around 2.1 keV. We fit the spectra by making NH as free parameter but did not get any significant improvement in χ 2 values. This the first occasion where the spectral flattening is found for this blazar.
PKS 0521−365: The X-ray spectrum of this blazar is studied by Donato et al. (2005) and found to be well characterized by simple power law with Γ ∼1.7. Foschini et al. (2006) also fit the spectrum with broken power law and found break energy at ∼1.5 keV. In our studies, Xray spectrum analyzed for one pointing of XMM−Newton is well fitted by the power law when we fixed NH . This spectrum shows significant improvement in the model when we kept NH as free parameter. NH is found to be 3.8 which is very close to the Galactic absorption column density [10 20 cm
−2 ] from Dickey & Lockman (1990) . Since, this blazar is a FSRQ, we also fit these two observations using power law plus black body and power law plus bremsstrahlung but did not find any improvement on the power law model. PKS 0537−441: This blazar is a FSRQ and a TeV source (Tsujimoto et al. 2015) . The spectrum is well fitted by simple power law by Donato et al. (2005) with spectral index of 1.8. We observed three pointings of XMM−Newton in 2010 and found the X-ray spectrum of this blazar to be well described by log-parabolic model. There is significant spectral flattening with negative curvature. All the spectra are also fitted with the broken power law model with break energy at around 2.1-2.7 keV.
S5 0716+714: This is a well known ISP (Giommi et al. 2008) . The X-ray spectrum of this source is very well studied in literature by Tagliaferri et al. (2003) (2016) and has shown an upturn in the SED at the break energy varying between ∼ 1.5-2.73 keV. We studied one pointing of XMM−Newton in 2007 and found that the spectra is Table 2 . Results from the parametric PSD models fit to the LSP. Columns 1 -9 give the object name, the observation date, the model (PL: power law + constant noise, BPL: bending power law + constant noise), the best-fit parameters log(A), slope µ and the bend frequency f b , the AIC and the likelihood of a particular model. well described with a log parabolic model. The curvature is significantly negative. We fit the spectrum with the broken power law to locate the break energy at ∼1.9. The spectral indices (Γ =2.63) are consistent with the previous studies. Fitting parameters are not significantly altered by making NH as free parameter.
OJ 287: The X-ray spectrum of this blazar is analyzed by Donato et al. (2005) in two occasions and found the spectra were well characterized by simple power law with Γ=1.6-1.9. Massaro et al. (2003) analyzed the X-ray spectra of this source during its optical bright state in 2001 and found the spectrum to be described by power law model. Seta et al. (2009) Red : Reduced χ 2 ; dof: degree of freedom; F : statistics value for F -test and p: is its probability; * : Sources with significant negative curvature (>99%). Γ 1 : Low energy spectral index; E b : Break Energy; b: curvature; Flux in ergs/sec/cm 2 ; Γ 2 : High energy spectral index; χ 2 Red : Reduced χ 2 ; N 1 : intrinsic absorption or absorption due to the intervening medium; dof: degree of freedom; F : statistics value for F -test and p: is its probability; * : Source with significant negative curvature (>99%). a: Best fit for free N H . Figure 10 . Light curves (in the range of 0.6-10 KeV) of those blazars where we found significant spectral flattening. 
S4 0954+65:
This source is a TeV blazar. Tanaka et al. (2016) analyzed Swift/XRT observations of this source in optical flaring state and found softening of the X-ray spectrum, with a photon index of Γ ∼1.7 (compared to the earlier outburst with Γ ∼1.38) possibly indicating a modest contribution of synchrotron emission by the highest-energy electrons superposed on the inverse Compton component. We analyzed the X-ray spectra of this blazar on two occasions in 2007 and found them to be well described with simple power law model with photon index Γ ∼1.96. Free NH in the fitting models did not alter the results.
ON 231: This blazar has shown significant concave curvature in literature (i.e. Donato et al. 2005; Tagliaferri et al. 2000; Wierzcholska & Wagner 2016) . Wierzcholska & Wagner (2016) fitted the Swift/XRT observation of this source using the broken power law and found a break at 2.01 keV. Donato et al. (2005) found the break energy to be at 3.09 +0.557 −1.092 . We analyzed the spectra of this source on four occasions and found significant curvature in one of the observations performed in 2002. We found a break energy of 4.33 +0.51 −1.87 keV which is in consistent with previous studies within errorbars. We did not find any significant improvement by keeping NH as free parameter in the models.
3C 279: This blazar is very well studied FSRQ and is classified as an LSP (Ackermann et al. 2011 ). In previous studies by Donato et al. (2005) , its spectra were fitted by power law and broken power law and break energy is found at low energy (∼ 0.5-0.7) keV. Wierzcholska & Wagner (2016) studied the source and found it to be well described by the log parabola model with positive curvature. We analyzed the spectra of 3C 279 in two occasions in 2009 and 2011 using XMM−Newton. In both the pointings, we did not find any significant curvature and F-test gave reasonable fit using power law model. The photon indices are varying between 1.77-1.80 which are in accordance with previous studies. PKS 1334−127: This FSRQ is a γ-ray loud blazar studied by Foschini et al. (2006) using XMM−Newton observations and found it to be well fitted with power law model with Γ=1.8 and Galactic absorption equal to 6.7±0.9 in 0.4-10 keV energy band. We also analyzed this spectrum in the (0.6-10) keV and found it to be well described by the power law model with α=1.8. We did not find any significant improvement by keeping NH as free parameter in our fitting parameters.
BL Lac: The X-ray spectra of this source is very well studied with log-parabolic as well as with power law model in previous studies. Tanihata et al. (2000) found that a soft steep component dominates below 1 keV and hard component dominates otherwise. Ravasio et al. (2002) observed BL Lac in two observations and found significant negative curvature above 5-6 keV in July 1999. However, December 1999 observation was well fitted by a simple power law. Donato et al. (2005) also found significant concave curvature after the break energy of ∼1.71 keV. Massaro et al. (2008) also preferred log-parabolic model for the BeppoSAX observations of this source. Raiteri et al. (2009) analyzed the XMM−Newton observations of this source during the period 2007-2008 in its low state and found significant concave curvature in all of the observations. Wierzcholska & Wagner (2016) also found the signature of negative curvature in the BL Lac spectrum and found the break energy at ∼1.1 keV. We analyzed three pointings of XMM−Newton and found that the spectra shows an upturn at the break energy of around ∼1.25-1.55 keV. Fitting parameters are not significantly altered by making NH as free parameter. 3C 454.3: This source is studied by Donato et al. (2005) and found that it is well described by simple power law with Γ=1.34. XMM−Newton observations are analyzed by Raiteri et al. (2007) ; 2008 in its post outburst and outburst states, respectively. We analysed four observations of XMM−Newton and found that all are well described by the power law model. The spectral indices varies between 1.5-1.7 which is in accordsnce with the previous findings.
Blazars with concave spectrum
In 7 (PKS 0235+164, PKS 0426-380, PKS 0537-441, S5 0716+714, OJ 287, ON 231 and BL Lacertae) of 14 blazars in our sample, we infer a significant negative curvature suggesting that both synchrotron and inverse Compton components are located in the X-ray regime. The spectra of these sources are also fit by a broken power law model to infer the E break , with two energy bands for each source. The soft energy band is in the energy range 0.6 keV-E break , representing the synchrotron component and the hard energy band is in the range E break -10 keV, representing the inverse Compton component. Though the power law PSD slopes based on the 0.6-10 keV band integrated light curves for these sources are dominated by white noise, if the underlying physical mechanism as inferred from the spectral analysis shows a demarcation between the synchrotron and inverse Compton components, it is expected that the variability in the above defined soft and hard energy bands must show clear differences. The Fvar. is then calculated for both segments of each of the light curves for the sources displaying a spectral break to help distinguish their origin. Below, we determine the spectral and temporal variability of the soft and the hard components separately for all those sources and the figures for these blazars are provided in Fig 10-12. AO 0235+164: The light curve of this source has shown pronounced variability in one of the occasion in 10.02.2002 with Fvar of 11.76% and is shown in fig 10. The hardness ratio versus counts/sec is also showed in lower panel. We did not find any correlation between these two. To separate the synchrotron and inverse Compton components, we divided the light curve in two bands i.e. soft (0.6-4.03 keV) and hard (4.03-10 keV) energy bands. The fractional variability amplitude for the soft and hard energy bands are 11.94±0.56% and 8.88±5.45%, respectively. It can be seen that the synchrotron components is highly variable and contributing mostly to the total emission. Hard IC component appears to be almost stable.
PKS 0426−380: The source has not shown any variability during the observation. A weak positive correlation is found between HR and counts/sec with (Pearson correlation coefficient, r=0.20, p=0.007). We separated the soft (0.6-2.1 keV) and hard (2.1-10 keV) energy components and found that the hard energy band representing the IC component showed higher fractional variability amplitude with Fvar=21.94±6.25 as compared to stable synchrotron component (1.82±15.15).
PKS 0537−441: The source has not shown significant variability in X-ray bands and are shown in fig 10 along with their respective HR versus counts/sec. We found weak positive correlation between HR versus counts/sec for both the pointings i.e. 27.02.2010 (r=0.239, p=4.49×10 −5 ) and 04.03.2010 (r=0.222, p=6.6×10 −4 ). It indicates that both spectra are showing bluer-when-brighter trend. We divided the light curve of 27.02.2010 into (0.6-2.28) and (2.28-10 keV), respectively. The hard energy band representing the IC component is highly variable (Fvar=11.47±3.77) in this case. Synchrotron component is almost constant. Also, in the other observation performed on 04.03.2010, we divided the light curve into soft (0.6-2.16 keV) and hard (2.16-10 keV) energy bands. The synchrotron component has shown more pronounced variability with Fvar=7.10±1.52 as compared to stable IC component. For the above two observations, E break is consistent within the errorbars.
S5 0716+714: This blazar has shown significant variability in the X-ray band with Fvar=17.94%. We found a negative correlation between HR versus counts/sec (r=-0.397, p <2.2×10 −16 ) which indicates redder-when-brighter trend. We divided the light curve in soft (0.6-1.9 keV) and hard (1.9-10 keV) energy bands. For this sources, synchrotron component reveals more pronounced variability with Fvar=38.03±0.39 as compared to lesser variable IC component (28.40±1.10).
OJ 287: This blazar has shown significant variability in one occasion of 17.11.2006 with Fvar=7.98±0.96. We did not find any correlation between HR versus counts/sec during two pointings of 03.11.2005 and 15.10.2011 . However, positive correlation of r=0.256, p=4.078×10 −8 is found during the observation dated 12.11.2006. We divided the light curve into soft (0.6-3.08 keV) and hard (3.08-10 keV) and found that IC component (17.84±3.90) has higher variability amplitude as compared to the synchroton component (7.16±1.23). Similarly, during the pointing on 15.10.2011, E break shifts to 1.66 keV and IC component shows more pronounced variability of 5.47±1.48 as compared to the flatter synchrotron component (2.88±1.42). However, the case is very different on 03.11.2005 where E break is consistent with the E break of pointing on 15.10.2011, but synchrotron component is highly variable (7.20±1.98) as compared to almost constant IC component 3.17±5.77.
ON 231: This ISP has shown strong variability during the pointing on 26.06.2002. The HR versus counts/sec is also shown in fig 8 and we found strong negative correlation ( r=-0.414, p=3.739×10 −11 ) which represents redder-whenbrighter trend. In the spectral fitting, we found a break at 4.1 keV and divided the spectra into soft (0.6-4.3) keV and hard (4.3-10) keV energy bands, respectively. It has been found that the hard energy component has more variability amplitude (Fvar=65.72±3.43) as compared to the synchrotron component (52.86±3.61).
BL Lacertae: This blazar has not shown variability in all of the three pointings it was observed with XMM−Newton. Significant correlation is not found between HR versus counts/sec for two pointings of 05.12.2007 and 08. 01.2008 . However, significant negative correlation (r=-0.468, p=1.9×10 −11 ) is found for the pointing dated on 10.07.2007. We divided the light curve observed on 10.07.2007 into soft (0.6-1.26 keV) and hard (1.26-10 keV) energy bands and found that synchrotron component is highly variable with Fvar=8.92±0.99 than the constant IC component (Fvar=1.87±2.13). We divided the pointing on 05.12.2007 at E break =1.56 and we found that both, synchrotron as well as IC components are stable with Fvar=2.09±2.49 and 2.69±2.61, respectively. Third observation is divided at E break =1.43 and found the IC component to be more variable (Fvar=4.19±1.29) as compared to flat synchrotron component (Fvar=1.18±4.79).
DISCUSSION AND CONCLUSIONS
We study a sample of 14 blazars (5 ISPs and 9 LSPs) in the 0.6 -10 keV X-ray energy band spanning 31 observation epochs. The analyses includes a timing study using the Lomb-Scargle periodogram to infer the power spectral density shape and possible quasi-periodic oscillations in their light curves and the fitting of the 0.6-10 keV spectrum with parametric models depending on source properties. We did not find any characteristic timescale in any light curve. The PSD shape is also well fitted with a power law with no temporal breaks or quasi periodic components. This is expected for this class of blazars as their synchrotron component peaks in optical/UV and hence are highly variable in these bands. X-ray emission generally comes from less variable and flatter inverse Compton component (e.g. Gupta et al. 2016) . The inferred fractional variability amplitude Fvar=52% for one pointing of ON 231 which is the highest in the present sample. In 20/31 of the pointings, we found small amplitude flickering (Fvar <5%) in the X-ray light curves. In six of the observations, we found significant (>3 σ) variability amplitude in the range varying from 5-52 %. This includes one pointing of PKS 0235+164, S5 0716+714, two poinings of S4 0954+65 and two pointings of ON 231. Spectral analysis is performed to check whether power law or log parabolic model well describes the LBL and IBL spectra. In 18/31 epochs, the spectra are well described by the power law model. The remaining 13/31 are well described by the log parabolic model. The spectral indices Γ for our sample of blazars lie in the range 1.2-2.7. The results are consistent with the previous studies where for LSPs and ISPs, flatter X-ray spectral slopes varying between 1.5-2 are found (e.g. Donato et al. 2005; Massaro et al. 2008; Wierzcholska & Wagner 2016) .
In seven of these blazars (PKS 0235+164, PKS 0426-380, PKS 0537-441, S5 0716+714, OJ 287, ON 231 and BL Lacertae), we found significant concave or negative curvature. The spectral fits with their residuals are shown in figure 2-9. It is clear from the figure that there are discrepancies around 1-3 keV with significant spectrum flattening. As the synchrotron peak lies in the optical/IR for LSPs and ISPs, it is expected that the transition from the synchrotron emission to inverse Compton occurs in the X-ray bands. Hence, the concave curvature could be interpreted as the beginning of a spectral upturn from the steep component which is the high energy tail of the synchrotron component to more flatter low-energy side of the inverse Compton component. The inferred break energy for these sources are consistent within error bars and do not vary significantly with flux changes. Similar spectral upturns are found in previous studies also i.e. 3C 66A (Donato et al. 2005 , Wierzcholska & Wagner 2016 ; S5 0716+714 (Giommi et al. 1999; Tagliaferri et al.2003; Donato et al. 2005; Ferrero et al. 2006; Wierzcholska & Siejkowski 2015) ; ON 231 (Tagliaferri et al. 2000) ; BL Lacertae (Tanihata et al. 2000; Ravasio et al. 2002) ; AO 0235+164 (Raiteri et al. 2006) ; OQ 530 (Tagliaferri et al. 2003) ; 4C +21.35 (Wierzcholska & Wagner 2016) . For the well known HBL Mrk 421, Kataoka & Stawarz (2016) found that the X-ray observations from NuStar Satellite is dominated by the highest-energy tail of the synchrotron continuum till 20 keV and the variable excess hard X-ray emission is related to inverse Compton emission in its very low state. All these sources are TeV blazars and have shown variability in γ-bands (Abdo et al. 2010) .
Differences in the fractional variability amplitude for the soft and hard components is additionally used to demarcate the emission mechanisms. Four sources do not show significant variability based on their 0.6 -10 keV band integrated light curves (marked in Table 5 ). Though, on five of the twelve occasions, a more pronounced variability is inferred in the soft energy band i.e the high energy tail of the synchrotron component. 
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, this component appears to show pronounced variability with Fvar=28.40% and the synchrotron component also highly variable with Fvar=38.03%. It must be noted however that as the spectral slopes after E break in some cases (PKS 0537−441: 2010 .02.27, OJ 287: 2006 .11.17 and ON231: 2002 ) are still soft, in addition to a possible onset of transition from synchrotron to inverse Compton emission, this may also be due to a hardening of synchrotron emission from the highest energy electrons which is expected in physical scenarios including a dominant inverse Compton cooling in the Klein-Nishina regime (e.g. Moderski et al. 2005) or a flattening intrinsic to the mechanisms causing the electron acceleration. Such scenarios can also produce an increased Fvar.
We infer a negative spectral curvature in seven sources (Table 5) , four of which are IBLs (BL Lacs) and the remaining three, LSPs (both BL Lacs and FSRQ). Their high energy emission (X-ray-γ ray) in the leptonic scenario is produced by inverse-Compton scattering of lower energy seed photons.The seed photons can originate from the synchrotron emitting electrons (synchrotron self-Compton, SSC process) or external sources (external Compton, EC process), including the accretion disk, broad line region clouds, dust torus or the cosmic microwave background (e.g. Sikora, Begelman & Rees 1994; Dermer, Sturner & Schlickeiser 1997) . From a systematic study of blazar broadband spectra, Ghisellini et al. (1998) suggest that along the sequence HSP-LSP-FSRQ, there exists an increasing contribution to the energy density from external radiation fields in turn leading to an increasing incidence of Compton cooling. The high energy spectrum of FSRQs thus contains a prominent contribution from EC processes (e.g. Mukherjee et al. 1999; Hartman et al. 2001) while that of HSPs can be sufficiently fit with SSC models (Pian et al. 1998; Bottcher et al. 2002) . The ISPs and LSP BL Lacs being intermediate between these classes then require to account for a non-neglible contribution from EC processes to reproduce the high energy spectrum (Madejski et al. 1999; Bottcher & Bloom 2000) . Owing to this, we incorporate all these contributory sources in the following model to estimate physical properties of the emission region.
The SSC and EC emission processes may be disentangled by appealing to clear differences in the variability pattern between the hard and soft X-ray bands. The hard band variability can be similar to or less than the soft band in the SSC process and can be larger than the soft band in the EC process if it contains imprints of the rapid microvariability (hour timescales) from the accretion flow (e.g. inner accretion disk, corona and the disk-jet transition region). However, in the strong cooling regime, changes in the seed photons may not necessarily cause rapid changes in the EC emission. Hence, no strict conclusion may be drawn from the current small sample of sources indicating different Fvar. For both the SSC and EC scenarios, the size of the region along the jet participating in the scattering is
where c is the speed of light, δ is the Doppler factor, τ is the variability timescale and z is the redshift. For the range of z = 0.07−1.11 corresponding to BL Lac and PKS 0426−380 respectively (Table 1) , using a δ ∼ 6 obtained from studies of relativistic beaming in BL Lac objects (Fan et al. 2009; Hovatta et al. 2009 ), and τ ∼ 1 day (as a majority of the light curves do not show clear trends and are consistent with Poisson noise), ∆r (0.002 − 0.005) pc. As this small region is along the beamed jet, we can estimate the distance to this region r from the central black hole by assuming a conically shaped jet with half opening angle θ0 ∼ 1/Γ where Γ is the bulk Lorentz factor and r ∼ Γ∆r. For Γ ∼ 10 (e.g. Hovatta et al. 2009 ), r (0.02 − 0.05) pc ∼ (249 − 492)rS where rS = GM•/c 2 is the Schwarzschild radius for a black hole of mass M•, taken to be ∼ 10 9 M⊙. In canonical models of the AGN jet structure (e.g. Marscher et al. 2008) , the region at ∼ 10 2 − 10 3 rS hosts helical magnetic fields which can lead to the appearance of quasi-periodic flux and polarization variability for favourable viewing angles due to beamed emission (e.g. Mohan & Mangalam 2015; .
In the EC scenarios relating to strong variability, we can roughly estimate the relevant scattering energies involved. For a thin accretion disk emitting black body radiation (e.g. Shakura & Sunyaev 1973) , the temperature structure in 
where me = 0.511 MeV/c 2 is the electron rest mass. Forr ∼ 3 − 50, the accretion energy per electron kT ∼ (5.1 − 85.2) keV. If the lower energy optical/ultra-violet disk based photons scatter off sufficiently dense regions of the corona, this can result in upscattering of soft X-ray photons to higher energy further downstream in the jet by relativistic electrons.
The relative strength of the emission processes can be tested and physical parameters of the pc-scale jet roughly estimated using a toy model involving synchrotron and inverse Compton emission. The synchrotron and Compton power losses LS and LC (effectively the luminosity) during the emission and scattering from a relativistic electron respectively are in the ratio
where UB = B 2 /(8π) and U ph. are the magnetic field and radiation energy densities respectively. We can infer the magnetic field strength as
once we estimate luminosities LS and LC and the energy density in the radiation field. It is assumed that the electrons emitting synchrotron traverse a region in the jet with a strong magnetic field such as that argued above (in the region ∼ 10 2 − 10 3 rS). Further, if we assume that the majority of scattered Compton energy density is from these synchrotron emitting electrons being Doppler beamed along the observer line of sight U ph.,S and an EC process composed of energy densities from the accretion disk, broad line region clouds surrounding the disk and the dust torus (e.g. Finke 2016) ,
where LD,BLR,T and rD,BLR,T are the accretion disk, broad line region and torus luminosities and radii respectively. The luminosity LS is scaled by the Doppler factor δ and the luminosities LD,BLR,T by the Lorentz factor for an energy density as measured in the jet co-moving frame (e.g. Ghisellini et al. 2014 ). For a radiatively efficient accretion disk,
and rD is the radius of the accretion disk participating in the contribution to the EC scattered seed photons. An approximation for rD can be the distance at which the disk transitions from being gravitationally bound to the central supermassive black hole to being self gravitational (King 2016) 
which is typically 0.01 − 0.1 pc. If we assume that all radiation emitted from the disk participates in ionizing the BLR clouds and results in a re-processed emission from the BLR, the emergent luminosity LBLR is similar to LD owing to ionization timescale being much lesser compared to the scattering timescale (mostly dominated by the geometry of the BLR). Then, LBLR = ηBLRLD where ηBLR ∼ 0.1 is a disk covering factor attributable to the BLR and represents the fraction of disk radiation it re-processes (e.g. Ghisellini & Tavecchio 2008 (19) The dust torus emission is expected to be thermal and dominant in the infra-red wavelengths. If we assume that LT = ηT LD where ηT ∼ 0.5 is a disk covering factor attributable to the torus (e.g. Ghisellini & Tavecchio 2008; Finke 2016 ) and a torus temperature TT below the dust sublimation temperature, the torus radius can be scaled in terms of the disk luminosity as (e.g. Nenkova et al. 2008; Finke 2016) Table 3 . We take LS based on the observed synchrotron peak flux densities (Fan et al. 2016 Cleary et al. (2007) ) and the resulting estimates of B are presented in Table 6 . In these estimates, we assume a flat cold dark matter dominated cosmology with matter energy density Ωm = 0.308 and Hubble constant H0 = 67.8 km s −1 Mpc −1 (Planck Collaboration et al., 2016) to calculate the luminosity distance DL (Wright, 2006) . The contribution of the dust torus to the estimated U ph. is negligible in these cases (typically at 0.0001 -0.001 %) but is included in the calculation for completeness and for cases where larger TT which can result in a non-negligible contribution. The B values estimated here are strictly upper limits owing to LC LX and are in the range 0.03 − 0.88 G consistent with estimates from the core shift method (e.g. Mohan et al. 2015; Agarwal et al. 2017) for some of these sources (S5 0716+714 and BL Lac with B = 0.22 ± 0.36 G and 0.02 ± 0.06 G respectively), eventhough the region being probed here is 0.05 pc compared to the pc-scale jet in the core shift method, thus indicating a similar magnetic field energy density from sub-pc-pc scale possibly implying that magnetic field structuring develops in the innermost jet and is retained upto the pc-scale jet, consistent with the canonical perspective. The method can thus be applied in a self consistent manner, accounting for all sources contributing to the energy density including the broad line region clouds, the torus and the microwave background, and is an independent check on estimates from core shift measurements which assume equipartition between the magnetic and particle kinetic energy densities. The above simplistic calculation is able to capture a general agreement with other methods. For a more rigourous approach, it can be extended to include the distribution function of the particles composing the jet (which can include electron-positron pairs; leptons and protons), the bulk properties of the jet (e.g. Ghisellini & Tavecchio 2010) , treatment of the γ-ray regime and a careful assessment of the covering factors and various geometries of the sources of external seed photons (e.g. Finke 2016) , and the relative motion between the emitting source and the observer which can introduce systematic variability (e.g. in a helical jet, Mohan & Mangalam 2015; ).
The energy density in the magnetic field encountered by an electron composing the jet is UB = |B| 2 /(8π) with a median UB = 0.01 erg cm −3 and the corresponding synchrotron cooling time is t cool = 3mec 4σT β 2 γUB = (0.91 days)γ
where me = 9.11 × 10 −28 g is the electron mass, σT = 6.65 × 10 −25 cm 2 is the Thomson cross section for electron scattering, β ∼ 1 is the speed of the relativistic electrons,γ = γ/10 3 is the Lorentz factor γ of the injected electrons scaled by ∼ 10 3 which can typically be reached, and B1 = B/(1G). For the inferred range of B, the median t cool ∼ 29 days. The ratio between the Compton energy density from various sources contributing to EC (Uext., here the disk, BLR and torus), and the total scattered photon energy density (including SSC) is Uext./U ph. = 0.74-0.99 indicating that the EC seed photons prominently contribute to the observed luminosity and variability. In this scenario, the jet can undergo strong radiative cooling due to the Compton drag caused resulting in maximum limits for the bulk Lorentz factor and is useful in constraining the jet composition (e.g. Ghisellini & Tavecchio 2010) . If the relativistic electrons within a spherical cloud of radius ∆r are variable over a median timescale tvar = δτ /(1 + z) = 4.6 days (jet comoving frame), tvar < t cool in general for these sources. The synchrotron electrons then participate in multiple epochs of inverse Compton-scattering before cooling down and the resultant variability will tend towards red noise behaviour in their power spectral density shapes (slope µ = -1 to -2). As the energy of scattered photons from a given epoch depends on the available energy from scattering events in previous epochs, thus exhibiting long term trends in the light curve within and across epochs. Here, the weighted mean µ = −0.77 ± 0.26 indicating that in addition to red noise behaviour as expected from the above discussed process, random processes in the jet contribute white noise (slope µ = 0) variability thus causing flattening of the slopes. Such jet based processes operational at ∼ day type timescales can include turbulence and shocks (e.g. Blandford & Königl 1979; Marscher 2014) or magnetic re-connection events (e.g. Lyutikov 2003 ) amongst others.
In the earlier studies, Giommi et al. (1999) and Tagliaferri et al. (2003) found lack of significant variability in the higher energy bands i.e. 3 -5 keV and hence concluded a scenario of a variable synchrotron component and a stable IC component, on hour like time scales. But, Ferroro et al. (2006) found that even at higher energies i.e. above ∼ 3 keV, where the IC component is expected to dominate, the fractional variability amplitude was significantly high. They argued in a favour of a variable IC component on short timescales. For our sample of blazars, it might be the case, supported by the above analysis of IC emission sources.
The hardness ratios are found to be anti-correlated with respect to the total count rate for S5 0716+714, ON 231 and BL Lacertae. It represents the redder-when-brighter trend which is different for the usual bluer-when-brighter trend for HSPs. The redder-when-brighter trend could be explained by the relative contribution of softer synchrotron component, getting higher during the enhanced emission with respect to the more stable IC component. It implies an overall steeping of the spectra, however the actual slope becomes flatter. 
